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(54) GEODETIC SURVEY METHOD AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize a 




geodetic survey device in air even if a floating 
body in air is rocked due to the disturbance of, 
for example, wind regardless of a simple 
configuration. 

SOLUTION: A geodetic method floats a 
geodetic device 1 where a laser distance 
meter is mounted to a gimbal which can be 
freely rotated in horizontal and vertical 
directions in air by a floating body 2 in air, thus 
three-dimensionally measuring a point to be 
measured on the ground. In this case, an 
angular velocity around the horizontal axis and/or vertical axis of the gimbal is 
detected and the above gimbal is driven so that the above angular velocity can be 
suppressed based on the detection result, thus stabilizing the geodetic survey 
device 1 in air. 




CLAIMS 



[Claim(s)] 

[Claim 1] The geodetic survey approach characterized by to stabilize said geodetic 
survey equipment in the air by surfacing the geodetic survey equipment which 
attached the laser range finder in the gimbal which can rotate freely centering on 



vertical axes and a horizontal axis in the air by the air floating body, being the 
geodetic survey approach of performing three-dimensions measurement of 
terrestrial point of measurement-ed, detecting the angular velocity of the 
circumference of the vertical axes of said gimbal, and/or the circumference of a 
horizontal axis, and making said gimbal drive based on this detection result so that 
said angular velocity may be controlled. 

[Claim 2] The gimbal support which is at the geodetic survey equipment which 
performs three-dimensions measurement of the point of measurement-ed in 
surface of the earth, and was attached in said air floating body while rising to 
surface in the air by the air floating body, The outer gimbal prepared free [ rotation ] 
centering on the vertical axes of this gimbal support, The outer torque motor made 
to rotate this outer gimbal centering on vertical axes, The outer include-angle 
detector which detects angle of rotation of said outer gimbal, and the inner gimbal 
attached in said outer gimbal free [ rotation ] centering on the horizontal axis, The 
inner torque motor made to rotate this inner gimbal centering on a horizontal axis, 
The inner include-angle detector which detects angle of rotation of said inner 
gimbal, and the laser range finder which is fixed to said inner gimbal and measures 
the distance by said point of measurement-ed, The angular-velocity detector which 
is formed in said inner gimbal and detects the angular velocity of the circumference 
of the revolving shaft of said inner gimbal and said outer gimbal, While making said 
inner gimbal and/or said outer gimbal drive and controlling the angular velocity of 
the circumference of the revolving shaft of said inner gimbal and/or said outer 
gimbal based on the output signal from this angular-velocity detector Geodetic 
survey equipment characterized by having the signal-processing section which 
computes the three-dimensions location of said point of measurement-ed based on 
said outer include-angle detector, said inner include-angle detector, and the output 
signal from said laser range finder. 

[Claim 3] Geodetic survey equipment according to claim 2 carried out to making 
said inner gimbal and/or said outer gimbal drive compulsorily by transmitting the 
output signal of said angular-velocity detector, and the same signal to said 
signal-processing section from an earth station. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention surfaces equipment in the air by air floating 
bodies, such as a balloon, and relates to the geodetic survey approach and 
geodetic survey equipment which can stabilize equipment in the air especially 
about the geodetic survey approach and geodetic survey equipment which perform 
three-dimensions measurement of point of measurement-ed. 
[0002] 

[Description of the Prior Art] Three-dimensions measurement of point of 
measurement-ed was performed by conventional geodetic survey equipment's 
mainly having the composition of having attached the laser range finder in the 
gimbal which can rotate freely centering on vertical axes and a horizontal axis, and 
fixing such geodetic survey equipment to the pole, arranging high up in the sky, and 
carrying out outgoing radiation of the laser from said laser range finder at point of 
measurement-ed. 

[0003] While measuring the distance L from point of measurement to point of 
measurement-ed by said laser range finder, angle-of-rotation thetat degree 
centering on the vertical axes of said gimbal and angle-of-rotation theta2 degree 
centering on a horizontal axis were detected, and, specifically, the triaxial 
coordinate (X, Y, Z) of point of measurement-ed was computed based on these 
distance L, angle-of-rotation thetal degree, and theta2 degree. 
[0004] However, when geodetic survey equipment was attached in the pole as 
mentioned above and three-dimensions measurement was performed, the 
limitation was in the height which geodetic survey equipment installs, and there 
was a problem that the accuracy of measurement will fall, so that point of 
measurement-ed became far. then, the former - air floating bodies, such as a 
balloon, - geodetic survey equipment - carrying -- this air floating body - empty - 
by making it rise to surface highly, installation altitude of geodetic survey equipment 
was made high, and the accuracy of measurement of a remote place was raised. 
[0005] In addition, although three-dimensions measurement of surface of the earth 
is not performed, in JP,56-39472,A, electromagnetic wave positioning equipment 
has been arranged high up in the sky by the air floating body, and the geodetic 



survey equipment which performs point to point ranging in the ground or marine 
was proposed. 

[0006] This geodetic survey equipment consisted of a master station located in 
point of measurement-ed, and a slave station located in a reference point, and 
each of these master stations and slave stations consisted of two or more 
electromagnetic wave transponders for measuring the balloon which surfaces over 
a master station or a slave station, the electromagnetic wave positioning equipment 
carried in this balloon, and the relative position of said balloon. 
[0007] With the geodetic survey equipment which consists of such a configuration, 
while measuring the relative position of said balloon to point of measurement-ed by 
said electromagnetic wave transponder, the distance from a reference point to 
point of measurement-ed was measured by measuring the relative position of said 
balloon to a reference point, and subsequently measuring the distance between 
each balloon with electromagnetic wave positioning equipment. 
[0008] 

[Problem(s) to be Solved by the Invention] however - the conventional geodetic 
survey equipment mentioned above - an air floating body - geodetic survey 
equipment -- empty ~ since it had become the configuration which measures by 
making it rise to surface highly, when an air floating body rocked according to 
disturbance, such as a wind, geodetic survey equipment changed into the condition 
of having lost stability, and there was a problem that exact three-dimensions 
measurement of surface of the earth could not be performed. 
[0009] In addition, such a problem was unsolvable with the geodetic survey 
equipment of JP,56-39472,A. 

[0010] The above problems will not be produced if it is geodetic survey equipment 
using Interference SAR (synthetic aperture radar) here. The geodetic survey 
equipment using Interference SAR installs two sets of antennas in different height. 
From one antenna, turn microwave to surface of the earth, irradiate it, and 
coincidence reception of the reflected wave from surface of the earth is carried out 
with both antennas. In this way, by carrying out image reconstruction processing of 
the data of the obtained surface of the earth, respectively, and making two kinds of 
complex image data obtained according to such a process interfere mutually, boom 
hoisting (altitude) of surface of the earth was measured, and three-dimensions 



measurement was performed. 

[0011] However, the geodetic survey equipment using Interference SAR needed 
the processor for carrying out the image processing of the data obtained by these 
two sets of two sets of SAR, and SAR, in order to perform three-dimensions 
measurement, and it had the problem that a system will become large-scale. 
[0012] This invention is made in view of the above-mentioned trouble, and though it 
is an easy configuration, even when an air floating body rocks according to 
disturbance, such as a wind, it aims at offer of the geodetic survey approach which 
can stabilize equipment in the air, and geodetic survey equipment. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the geodetic survey approach according to claim 1 The geodetic survey equipment 
which attached the laser range finder in the gimbal which can rotate freely 
centering on vertical axes and a horizontal axis is surfaced in the air by the air 
floating body. It is the geodetic survey approach of performing three-dimensions 
measurement of terrestrial point of measurement-ed. It has considered as the 
procedure which stabilizes said geodetic survey equipment in the air by detecting 
the angular velocity of the circumference of the vertical axes of said gimbal, and/or 
the circumference of a horizontal axis, and making said gimbal drive based on this 
detection result, so that said angular velocity may be controlled. 
[0014] In order to enforce this geodetic survey approach, moreover, geodetic 
survey equipment according to claim 2 The gimbal support which is at the geodetic 
survey equipment which performs three-dimensions measurement of the point of 
measurement-ed in surface of the earth, and was attached in said air floating body 
while rising to surface in the air by the air floating body, The outer gimbal prepared 
free [ rotation ] centering on the vertical axes of this gimbal support, The outer 
torque motor made to rotate this outer gimbal centering on vertical axes, The outer 
include-angle detector which detects angle of rotation of said outer gimbal, and the 
inner gimbal attached in said outer gimbal free [ rotation ] centering on the 
horizontal axis, The inner torque motor made to rotate this inner gimbal centering 
on a horizontal axis, The inner include-angle detector which detects angle of 
rotation of said inner gimbal, and the laser range finder which is fixed to said inner 
gimbal and measures the distance by said point of measurement-ed, The 



angular-velocity detector which is formed in said inner gimbal and detects the 
angular velocity of the circumference of the revolving shaft of said inner gimbal and 
said outer gimbal, While making said inner gimbal and/or said outer gimbal drive 
and controlling the angular velocity of the circumference of the revolving shaft of 
said inner gimbal and/or said outer gimbal based on the output signal from this 
angular-velocity detector Based on said outer include-angle detector, said inner 
include-angle detector, and the output signal from said laser range finder, it has 
considered as the configuration equipped with the signal-processing section which 
computes the three-dimensions location of said point of measurement-ed. 
[0015] According to such a geodetic survey approach and geodetic survey 
equipment, by the easy configuration of making the output signal of said 
angular-velocity detector feed back to drive control of said gimbal (an inner gimbal 
and outer gimbal), even when an air floating body rocks according to disturbance, 
such as a wind, geodetic survey equipment can be stabilized in the air. 
[0016] Geodetic survey equipment according to claim 3 is considered as the 
configuration which makes said inner gimbal and/or said outer gimbal drive 
compulsorily by transmitting the output signal of said angular-velocity detector, and 
the same signal to said signal-processing section from an earth station. According 
to such a configuration, angle of rotation centering on the vertical axes and the 
horizontal axis of said inner gimbal and/or said outer gimbal can be freely adjusted 
using said signal-processing section. 
[0017] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of the geodetic survey 
approach of this invention and geodetic survey equipment is explained, referring to 
a drawing. Drawing 1 is the employment conceptual diagram of the geodetic survey 
equipment concerning 1 operation gestalt of this invention, and drawing 2 is the 
enlarged drawing of the geodetic survey equipment shown in drawing 1 . 
Furthermore, drawing 3 is the block diagram of the geodetic survey equipment 
shown in drawing 2 . 

[0018] drawing 1 - setting - 1 - geodetic survey equipment - it is - the air floating 
body (balloon) 2 - the sky - it is made to have risen to surface highly This geodetic 
survey equipment 1 mainly consists of the gimbals and laser distance measuring 

< 

equipment which can rotate freely centering on vertical axes and a horizontal axis, 



and these control systems, and, specifically, is considered as the configuration as 
shown in drawing 2 and drawing 3 . 

[0019] In drawing 2 , 10 is a gimbal support. Geodetic survey equipment 1 is fixed 
to the air floating body 2 through this gimbal support 10. Moreover, as shown in 
drawing 3 , under the gimbal support 10, the outer gimbal 20 of the inverted-U 
character mold which can rotate freely centering on vertical axes 21 is provided. 
Moreover, the outer torque motor 1 1 made to rotate the outer gimbal 20 centering 
on vertical axes 21 is built in the interior of the gimbal support 10. Furthermore, the 
outer include-angle detector 12 which detects angle-of-rotation thetal degree of 
the outer gimbal 20 through vertical axes 21 is formed in the gimbal support 10. 
[0020] The inner gimbal 30 which can rotate freely centering on a horizontal axis 31 
is formed in the outer gimbal 20. Moreover, the inner torque motor 32 made to 
rotate the inner gimbal 30 centering on a horizontal axis 31 is attached in the end of 
a horizontal axis 31, and the inner include-angle detector 33 which detects 
angle-of-rotation theta2 degree of the inner gimbal 30 is formed in the other end of 
a horizontal axis 31. 

[0021] Furthermore, the laser range finder 40 which measures the distance by point 
of measurement-ed, and the angular-velocity detector 50 which detects each 
revolving shaft 31 of the inner gimbal 30 and the outer gimbal 20 and the angular 
velocity of the circumference of 21 are formed in the inner gimbal 30. 
[0022] The laser range finder 40 has measured the distance L from point of 
measurement to point of measurement-ed by having the lens 41 for transmission, 
and the lens 42 for reception, carrying out outgoing radiation of the pulsed light 
from the lens 41 for transmission at point of measurement-ed, and receiving the 
reflective pulse from point of measurement-ed with the lens 42 for reception, as 
shown in drawing 2 . Moreover, the rate sensor used for the satellite or the missile 
is used for the angular-velocity detector 50. 

[0023] In drawing 3 , 60 is the signal-processing section, based on the output signal 
from the angular-velocity detector 50, it makes the inner gimbal 30 and/or the outer 
gimbal 20 drive, controls each revolving shaft 31 of the inner gimbal 30 and/or the 
outer gimbal 20, and the angular velocity of the circumference of 21, and is 
stabilizing the geodetic survey equipment 1 in the air. 

[0024] Moreover, the signal-processing section 60 computes the three-dimensions 



location of said point of measurement-ed based on angle-of-rotation thetal degree, 
theta2 degree, and distance L which the Outer include-angle detector 12, the inner 
include-angle detector 33, and a laser range finder 30 output, respectively. 
[0025] In addition, although considered as the configuration which performs both 
stabilization of geodetic survey equipment 1, and measurement of a 
three-dimensions location by the signal-processing section 60 with this operation 
gestalt, it is good also as a configuration which forms the two signal-processing 
sections 60 and performs these separately. 

[0026] Next, the geodetic survey approach of the geodetic survey equipment 1 
which consists of the above-mentioned configuration is explained, referring to 
drawing 1 , drawing 4 , and drawing 5 . Drawing 4 is the explanatory view showing 
the procedure of three-dimensions measurement of the above-mentioned geodetic 
survey equipment. Moreover, drawing 5 is the explanatory view showing the 
procedure of stabilizing the above-mentioned geodetic survey equipment in the air. 
[0027] First, the procedure of three-dimensions measurement of the point of 
measurement-ed in geodetic survey equipment 1 is explained, it is shown in 
drawing 1 -- as - the air floating body 2 - geodetic survey equipment 1 - the sky - 
it arranges highly, the outer gimbal 20 and the inner gimbal 30 are rotated centering 
on vertical axes 21 and a horizontal axis 31, and the criterion of a laser range finder 
40 is doubled with point of measurement-ed. 

[0028] Here, if the installation location (point of measurement) of geodetic survey 
equipment 1 is set to P and point of measurement-ed is set to Q as shown in 
drawing 4 , the triaxial coordinate (X, Y, Z) of the point of measurement Q-ed will be 
searched for as follows. 1. Input into the signal-processing section 60 the altitude H 
of the point of measurement P which was determined beforehand or was measured 
with the altimeter. 2. Input angle-of-rotation thetal degree of the outer gimbal 20, 
and angle-of-rotation theta2 degree of the inner gimbal 30 into the 
signal-processing section 60 from the outer include-angle detector 12 and the inner 
include-angle detector 33. 3. Moreover, input the distance L from the point of 
measurement P to the point of measurement Q-ed into the signal-processing 
section 60 from a laser range finder 30. 4. It is based on these altitude H, 
angle-of-rotation thetal degree and theta2 degree, and distance L, and the 
signal-processing section 60 is a bottom type (1). - (3) An operation [ like ] is 



performed and the triaxial coordinate (X, Y, Z) of the point of measurement Q-ed is 

computed. 

[0029] 

X=L-sintheta2 degree and sinthetal degree - (1) Y=L-sintheta2 degree and 
costhetal degree -- (2) Z=H-L-costheta2 degree -- (3) [0030] Next, the procedure 
of stabilizing geodetic survey equipment in the air is explained. For example, if the 
air floating body 2 rotates by alpha**/s clockwise centering on vertical axes A 
according to disturbance, such as a wind, as shown in drawing 5 , the outer gimbal 
20 attached in the air floating body 2 will also rotate by alpha**/s clockwise 
centering on vertical axes A. 

[0031] Then, the angular-velocity detector 50 detects angular-velocity alpha**/s of 
the clockwise rotation of the outer gimbal 20, and outputs this to the 
signal-processing section 60. And the signal-processing section 60 which inputted 
this signal changes angular-velocity alpha**/s into -alpha**/s, makes the outer 
torque motor 1 1 drive based on this, and does alpha**/s rotation of the outer gimbal 
20 counterclockwise. 

[0032] Thereby, movement of the clockwise rotation of the air floating body 2 and 
movement of the counterclockwise rotation of the outer gimbal 20 negate each 
other, and can stabilize geodetic survey equipment 1 in the air. That is, the criterion 
of a laser range finder 30 can always be doubled with point of measurement-ed 
also in the condition that the air floating body 2 is rotating. 
[0033] Moreover, also when the air floating body 2 rocks perpendicularly, geodetic 
survey equipment 1 can be stabilized by rotating the inner gimbal 30 centering on a 
horizontal axis 31 in the same procedure. 

[0034] In addition, the inner gimbal 30 and/or the outer gimbal 20 can be made to 
drive compulsorily by the configuration which can transmit the output signal of the 
angular-velocity detector 50, and the same signal to the signal-processing section 
60 from the earth station which is not illustrated, then the command from said earth 
station. 

[0035] According to such a configuration, the criterion of a laser range finder 30 can 
be freely changed by the command from said earth station. 
[0036] According to the geodetic survey approach of such this operation gestalt, 
and geodetic survey equipment, by the easy configuration of making the output 



signal of the angular-velocity detector 50 feed back to drive control of the inner 
gimbal 30 and the outer gimbal 20, even when the air floating body 2 rocks 
according to disturbance, such as a wind, geodetic survey equipment 1 can be 
stabilized in the air. 
[0037] 

[Effect of the Invention] As mentioned above, though it is an easy configuration, 
even when an air floating body rocks according to disturbance, such as a wind, 
according to the geodetic survey approach of this invention, and geodetic survey 
equipment, equipment can be stabilized in the air. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the employment conceptual diagram of the geodetic survey 

equipment concerning 1 operation gestalt of this invention. 

[Drawing 2] It is the enlarged drawing of the geodetic survey equipment shown in 

drawing 1 . 

[Drawing 3] It is the block diagram of the geodetic survey equipment shown in 

drawing 2 . 

[Drawing 4] It is the explanatory view showing the procedure of the 
three-dimensions measurement in the geodetic survey approach of this invention. 
[Drawing 5] It is the explanatory view showing the procedure of stabilizing the 
geodetic survey equipment in the geodetic survey approach of this invention in the 
air. 

[Description of Notations] 

1 Geodetic Survey Equipment 

2 Air Floating Body (Balloon) 

10 Gimbal Support 

1 1 Outer Torque Motor 

12 Outer Include-Angle Detector 

20 Outer Gimbal 

21 Vertical Axes 
30 Inner Gimbal 



31 Horizontal Axis 

32 Inner Torque Motor 

33 Inner Include-Angle Detector 
40 Laser Range Finder 

50 Angular-Velocity Detector 
60 Signal-Processing Section 
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[0028] ccf, B4^-Tck3(c, iJMMilB 
lOKBfuB £P£U «J£££Q£-rs 

WMS^QOHttftM (X, Y, Z) ti, #W)<fc5 

Lfciii^poBfaH*. ®^jaaaP6 otcA^-r§o 

^MagP60(c oo®igftfie r 

fc-fy^-^>^;b3 o©mteftS0 2 0 *A^t?>o 3. 

p*^»«i£jSQS-e<oiEitL*x*-rao 4.cne,i« 

t> fg«Ig|$6 0tf s ~(3) ©£3&?|ii3f% 
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So 

[0 0 2 9] 

X = L • s i n 0 2° • s i n 0 1° -(1) 
Y = L • s i n 0 2° • c o s 0 1 0 -(2) 
Z = H-L • c o s 0 2° -(3) 
[0 0 3 0] SJiMMSB^^tCfc^T^ft 

( Cs ^cpjff* 2 tfiSOMK <fc o TfiM* A 

B#f+IH 9 a ° /sT?l§HE*5i:* ^7?f*2£$9tf 

Ofca 0 /s-T?BHS?T*. 

[oo3nnt> nmsM&m 5 0 r^zvy 

/VI/ 2 0©E$ftl§]r)©£j§J6a o /s^lllU C*a* 
M#MSSP6 OfctiJ^jfSo ^LT, COi^AAL 
fdg^SaagP 6 0 *\ ^jiSa 0 /sfc'-a" /sfcg 
1ft U ZLttEfcfc^Tr?* h;l/?*— * 1 1*JE 
S«; 79*5?:" W 2 0 fcRRJtHel 0 £ a ° /s@ 

[0 0 3 2] CtlKiD, 2 ©Bf tt@ <? <93 

rf>^^2 ooKiwiaoofflBiir^s^K 

[0 0 3 3] ffitf»f*2*«Sit*l6lfCfl}iltfe* 



[0 0 3 4] ftfe, 0^L*V^±^^P.fi^®Hg|5 6 



;l/2 0*^fWWKieii* , &5C!:*^tSo 

[0035] coiafti^cintf, Suts%±M^e 

[0036] u©J;5 ***Sgff^cD»JWJ»^R^ 

jy-r-jywi QjkxS7VZ*Jy^)i<2 oomwifflw 
locate i; 0 2 mm l fc^T t » »j* 

[0 0 3 7] 

[0 1 ] *nw(D~mMBMic&%mimmmm<DMm 



(5) 



1 8 4 7 2 0 



8 



[02] m iic^tmmiimmw<D&*.mT&5 0 

[03] 0 2 (C^-rSiJifeSiJM^BcD^P v *Br?fc3 0 
[0 4] 4^toWil!fl«^lci8»«H3j?7CIHW©# 

[05] xftmmmfflmismKm zwmmmmw* 
i *ij«m§ih 

2 

l o 5?yjVW$- h 

1 1 VJIZ^—Z 
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1 2 

2 0 

2 1 

3 0 
3 1 
3 2 

3 3 

4 0 

5 0 

6 0 



-ft 



jy-fyy^ 

-fyi-nmmmm 



in 



[05] 




2 : m>&<* (»B0 



1 : mifMft&g 




20 



30 (40) 



(6) 



EpH¥9- 1 8 4 7 2 0 



[02] [03] 




/7 



